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X(2900) in a chiral quark model
Yue Tan∗ and Jialun Ping†
Department of Physics and Jiangsu Key Laboratory for Numerical Simulation of Large Scale Complex Systems,
Nanjing Normal University, Nanjing 210023, People’s Republic of China
Recently, the LHCb Collaboration reported their observation of the first two fully open-flavor
tetraquark states named X0(2900) and X1(2900) with unknown parity. Inspired by the report, we
consider all of possible four-quark candidates of X(2900) including molecular structure and diquark
structure in a chiral quark model with the help of Gaussian expansion method. Two different
structures coupling is also considered. To identify the genuine resonances, real-scaling method
(stabilization method) was employed. The results show that no candidate of X(2900) is founded in
00+ and 01+ csq¯q¯ system below the threshold of D∗K¯∗, while there are two states in the P -wave
excited csq¯q¯ system, D1K¯ and DJK¯, which could be candidates of X(2900). In this way, we assign
negative parity to X1(2900), and X0(2900) maybe a resonance state above the threshold of D
∗K¯∗,
more calculation is needed.
I. INTRODUCTION
The study of exotic hadron states, not only unveils
the property of QCD, but also challenges the existing
theories and models. However, it’s a controversial issue
weather the exotic states exist? Most of the exotic states
can be classified in the traditional quark model and the
properties of the exotic states can be explained in the
framework of quark model with some improvements. For
example, the well-known exotic state [1–4], X(3872), can
be explained as traditional cc¯ state with large component
DD¯∗ +D∗D¯ in our unquenched quark model [5].
Actually, lots of experiment collaborations have been
searching for exotic states in these two decades. In 2016,
D0 collaboration observed a narrow structure, which is
denoted as X(5568), in the B0spi
± invariant mass spec-
trum with 5.1σ significance [6]. Because of the B0spi
±
decay mode, X(5568) was interpreted as sd¯ub¯ (su¯db¯)
tetraquark state. However, it is difficult to find the
candidate of X(5568) in various approaches if requiring
the ordinary hadrons can be described well in the ap-
proaches [8]. In our chiral quark model calculation all
the possible candidates of X(5568) are scattering states
[9], while we predicted one shallow binding state [10],
BK¯ with 6.2 GeV, in the 00+ bsq¯q¯ system. Indeed,
other experiment collaborations did’t find the evidence
of X(5568) [7]. Recently, the LHCb Collaboration co-
incidentally reported their observation of the first two
fully open-flavor tetraquark states named X0(2900) and
X1(2900) in the csq¯q¯ system, whose statistical signifi-
cance is more than 5σ [11? ]. If these two states are
confirmed by the other Collaborations in the future, the
X(2900) could be the first exotic state with four different
flavors, which cannot be quark-antiquark system.
X0(2900) :M = 2866± 7MeV, Γ = 57± 3MeV,
X1(2900) :M = 2904± 5,MeV, Γ = 110± 12MeV.
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With the report of X(2900), a lot of possible candi-
dates spring up to explain X(2900) in different frame-
works [13–28], and most of them can be divided into
two kinds of categories, dimeson structure and diquark
structure. Y. Xue et al. got a 0+ D∗K¯∗ resonance
which can be the candidate of X0(2900) in the quark
delocalization color screening model[24], and by means
of qBSE approach, J. He et al. also get the same con-
clusion [16]. M. Karliner et al. estimated roughly the
diquark structure of csq¯q¯, and got a possible resonance
which can be assigned as X(2900) [23], he also predicted
a 0+ bsq¯q¯ resonance with 6.2 GeV. In the framework of
QCD sum rule, H. X. Chen et al. assigned X0(2900)
as a 0+ D∗K¯∗ molecular state while X1(2900) as a 1
−
csq¯q¯ diquark state [22]. However, with similar method,
J. R. Zhang regarded both X0(2900) and X1(2900) as
diquark states [25]. In addition, before the report of
X(2900), S. S. Agaev et al. obtained a unstable res-
onance with 2878 ± 128 MeV in 0+csq¯q¯ system [27].
There are also some work disfavored these assignments.
T. J. Burns et al. interpreted the X(2900) as a triangle
cusp effect arising from D∗K¯∗ and D1K¯ interactions [13].
Based on an extended relativized quark model, the work
[28] found four stable resonances, 2765 MeV, 3055 MeV,
3152 MeV and 3396 MeV, and none of them could be the
candidate of X(2900) in the 0+ csq¯q¯ system.
In fact, both molecular D∗K¯∗ and diquark csq¯q¯ config-
uration have energies near the mass of X(2900). Which
structure is preferred should be determined by system
dynamics. So the the structure mixing calculation is
needed. Because of the high energy of X(2900), the com-
binations of excited states of cq¯ and sq¯ are possible. More
important, these states will couple with the decay chan-
nels, DK¯, DK¯∗ and D∗K¯, do these states survive after
the coupling? Due to the finite space used in the calcu-
lation, a stability method has to be employed to identify
the genuine resonance. In this paper, a structure mix-
ing calculation of meson-meson and diquark-antidiquark
structures is performed in the framework of chiral quark
model (ChQM), and the excited states of subclusters are
included. So four kinds of states with quantum num-
bers, 00± and 01±, are investigated. Due to lacking of
2orbit-spin force in our calculation, we use the symbol
“2S+1LJ” denotes P -wave excited states. So, 0
− and 1−
may be expressed as 1P1,
3PJ and
5PJ . To find the gen-
uine resonance, real-scaling method [? ] is used.
The paper is organized as follows. In section II, the
chiral quark model, real-scaling method and the wave-
function of csq¯q¯ systems are presented. The numerical
results are given in Sec. III. The last section is devoted
to the summary of the present work.
II. CHIRAL QUARK MODEL AND WAVE
FUNCTION OF csq¯q¯ SYSTEM
The ChQM has been successful both in describing the
hadron spectra and hadron-hadron interactions. The de-
tails of the model can be found in Refs. [29, 30]. The
Hamiltonian of CCQM consists of quarks mass, kinetic
energy, and three kinds of potentials, color confinement,
one-gluon-exchange and Goldstone boson exchange. The
Hamiltonian for four-quark system is written as,
H =
4∑
i=1
mi +
p212
2µ12
+
p234
2µ34
+
p21234
2µ1234
+
4∑
i<j=1

V Gij + V Cij + ∑
χ=pi,K,η,σ
V χij

 ,
(1)
Where m is the constituent masse of quark (antiquark),
and µ is the reduced masse of two interacting quarks or
quark-clusters.
µij =
mimj
mi +mj
, µ1234 =
(m1 +m2)(m3 +m4)
m1 +m2 +m3 +m4
, (2)
pij =
mjpi −mipj
mi +mj
,
p1234 =
(m3 +m4)p12 − (m1 +m2)p34
m1 +m2 +m3 +m4
(3)
The color confinement, the effective smeared one-gluon
exchange interaction and the Goldstone boson exchange
potential are,
V Cij = (−acr2ij −∆)λci · λcj . (4)
V Gij =
αs
4
λ
c
i · λcj
[
1
rij
− 2pi
3mimj
σi · σjδ(rij)
]
(5)
δ(rij) =
e−rij/r0(µij)
4pirijr20(µij)
, r0(µij) =
r0
µij
.
TABLE I. Quark Model Parameters (mpi = 0.7 fm, mσ = 3.42
fm, mη = 2.77 fm, mK = 2.51 fm).
Quark masses mu = md(MeV) 313
ms(MeV) 536
mc(MeV) 1728
mb(MeV) 5112
Goldstone bosons Λpi = Λσ(fm
−1) 4.2
Λη = ΛK(fm
−1) 5.2
g2ch/(4pi) 0.54
θp(
◦) -15
Confinement ac(MeV) 101
∆(MeV) -78.3
µc(MeV) 0.7
OGE α0 3.67
Λ0(fm
−1) 0.033
µ0(MeV) 36.976
rˆ0(MeV) 28.17
V piij =
g2ch
4pi
m2pi
12mimj
Λ2pi
Λ2pi −m2pi
mpiv
pi
ij
3∑
a=1
λai λ
a
j ,
V Kij =
g2ch
4pi
m2K
12mimj
Λ2K
Λ2K −m2K
mKv
K
ij
7∑
a=4
λai λ
a
j ,
V ηij =
g2ch
4pi
m2η
12mimj
Λ2η
Λ2η −m2η
mηv
η
ij[
λ8iλ
8
j cos θP − λ0i λ0j sin θP
]
,
V σij = −
g2ch
4pi
Λ2σ
Λ2σ −m2σ
mσ
[
Y (mσrij)− Λσ
mσ
Y (Λσrij)
]
vχij =
[
Y (mχrij)−
Λ3χ
m3χ
Y (Λχrij)
]
σi · σj ,
Y (x) = e−x/x. (6)
In the above formula, σ are the SU(2) Pauli matrices; λ,
λ
c are SU(3) flavor, color Gell-Mann matrices, respec-
tively; αs is an effective scale-dependent running cou-
pling,
αs(µij) =
α0
ln
[
(µ2ij + µ
2
0)/Λ
2
0
] , (7)
For determining all the parameters, the first step of our
study is to accommodate all the mesons, from light to
heavy, taking into account only a quark-antiquark com-
ponent. All of parameters are shown in Table I and the
obtained masses of the mesons involved in the present
calculation are listed in Table II.
3TABLE II. Meson spectrum (unit: MeV).
D D∗ DJ D1
QM 1862.6 1980.5 2454.7 2448.1
exp 1867.7 2008.9 2420.0 2420.0
K K∗ KJ K1
QM 493.9 913.6 1423.0 1400.0
exp 495.0 892.0 1430.0 1427.0
A. The wave-function of csq¯q¯ system
Generally, csq¯q¯ system has two interesting structures,
meson-meson and diquark-antidiquark, and the wave
function of each structure all consists of four parts: or-
bit, spin, flavor and color wave functions. In addition,
the wave function of each part is constructed by coupling
two sub-clusters wave functions. Thus, the wave function
for each channel will be the tensor product of orbit (|Ri〉),
spin (|Sj〉), color (|Ck〉) and flavor (|Fl〉) components,
|ijkl〉 = A|Ri〉 ⊗ |Sj〉 ⊗ |Ck〉 ⊗ |Fl〉 (8)
A is the antisymmetrization operator.
1. Orbit wave function
The total wave function consists of two sub-clusters or-
bit wave functions and the relative motion wave function
between two sub-clusters.
|Ri〉 =
[
[Ψl1(r12)Ψl2(r34)]l12 Ψl3(r1234)
]
L
. (9)
The negative P parity calls for angular momentum li = 1,
and we set only one P -wave angular momentum in a sub-
cluster. In this assignment, we may take combination of
l1 = 1, l2 = 0, l3 = 0 as ”|R1〉”, and l1 = 0, l2 = 1, l3 = 0
as ”|R2〉”. For the positive P parity we set all angular
momentum to 0, l1 = 0, l2 = 0, l3 = 0, which is denoted
as ”|R3〉”.
In GEM, the radial part of spatial wave function is
expanded by Gaussians:
Ψlm(r) =
nmax∑
n=1
cnψ
G
nlm(r), (10a)
ψGnlm(r) = Nnlr
le−νnr
2
Ylm(rˆ), (10b)
where Nnl are normalization constants,
Nnl =
[
2l+2(2νn)
l+ 3
2√
pi(2l+ 1)
] 1
2
. (11)
cn are the variational parameters, which are determined
dynamically. The Gaussian size parameters are chosen
according to the following geometric progression
νn =
1
r2n
, rn = r1a
n−1, a =
(
rnmax
r1
) 1
nmax−1
. (12)
GEM has been successfully used in the calculation for
4He and other few-body systems, its precision is simi-
lar with other methods, such as Faddeev method, SMV
method, HH method and so on [32]. The advantage of
GEM is that it converges rather fast.
2. Spin wave function
Because of no difference between spin of quark and
antiquark, the meson-meson structure has the same total
spin as the diquark-antidiquark structure.
|S1〉 = χσ10 = χσ00χσ00,
|S2〉 = χσ20 =
√
1
3
(χσ11χ
σ
1−1 − χσ10χσ10 + χσ1−1χσ11),
|S3〉 = χσ11 = χσ00χσ11, (13)
|S4〉 = χσ21 = χσ11χσ00,
|S5〉 = χσ31 =
1√
2
(χσ11χ
σ
10 − χσ10χσ11),
|S6〉 = χσ12 = χσ11χσ11.
Where the subscript of ”χσjS ” denotes total spin of the
tretraquark, and the superscript is the index of the spin
function with fixed S.
3. Flavor wave function
The total flavor wave functions can be written as,
|F1〉 = 1√
2
(
cu¯sd¯− cd¯su¯) ,
|F2〉 = 1√
2
(
csu¯d¯− csd¯u¯) (14)
Where |F1〉 means molecular flavor while |F2〉 means di-
aquark flavor.
44. Color wave function
The colorless tetraquark system has four color struc-
tures, including 1⊗ 1, 8⊗ 8, 3⊗ 3¯ and 6⊗ 6¯,
|C1〉 = χm11⊗1 =
1√
9
(r¯rr¯r + r¯rg¯g + r¯rb¯b+ g¯gr¯r + g¯gg¯g
+ g¯gb¯b+ b¯br¯r + b¯bg¯g + b¯bb¯b),
|C2〉 = χm28⊗8 =
√
2
12
(3b¯rr¯b+ 3g¯rr¯g + 3b¯gg¯b+ 3g¯bb¯g
+ 3r¯gg¯r + 3r¯bb¯r + 2r¯rr¯r + 2g¯gg¯g + 2b¯bb¯b− r¯rg¯g
− g¯gr¯r − b¯bg¯g − b¯br¯r − g¯gb¯b− r¯rb¯b). (15)
|C3〉 = χd13¯⊗3 =
√
3
6
(rgr¯g¯ − rgg¯r¯ + grg¯r¯ − grr¯g¯ + rbr¯b¯,
− rbb¯r¯ + brb¯r¯ − brr¯b¯+ gbg¯b¯− gbb¯g¯ + bgb¯g¯ − bgg¯b¯),
|C4〉 = χd26⊗6¯ =
√
6
12
(2rrr¯r¯ + 2ggg¯g¯ + 2bbb¯b¯+ rgr¯g¯
+ rgg¯r¯ + grg¯r¯ + grr¯g¯ + rbr¯b¯+ rbb¯r¯ + brb¯r¯
+ brr¯b¯+ gbg¯b¯+ gbb¯g¯ + bgb¯g¯ + bgg¯b¯).
To write down the wave functions easily for each struc-
ture, the different orders of the particles are used. How-
ever, when coupling the different structure, the same or-
der of the particles should be used.
5. Total wave function
In the present work, we investigated all possible can-
didates of X(2900) in the csq¯q¯ system. The antisym-
metrization operators are different for different struc-
tures. For csq¯q¯ system, the antisymmetrization operator
becomes
A = 1− (24) (16)
for meson-meson structure, and
A = 1− (34) (17)
for diquark-antidiquark structure. After applying the an-
tisymmetrization operator, some wave function will van-
ish, which means that the states are forbidden. All of
allowed channels are listed in Table III. The subscript
“8” denotes color octet subcluster, the superscript of di-
quark/antidiquark is the spin of the subcluster, and the
subscript is the color representation of subcluster, 3, 3¯,
6 and 6¯ denote color triplet, anti-triplet, sextet and anti-
sextet.
III. RESULT
In this section, we present our numerical results. In the
calculation of csq¯q¯ system, two structures, meson-meson
structure and diquark-antidiquark structure and their
coupling are considered. Due to the mass of X(2900)
TABLE III. All of allowed channels(we use |ijkl > donates
different states. The ”i” means different angular momentum
combinations; The ”j” means different spin channels; The ”k”
means different flavor channels; The ”l” means different color
configurations)
.
csq¯q¯
|ijkl〉 3PJ |ijkl〉 1P1 |ijkl〉 5PJ
|1311〉 D1K¯∗ |1111〉 D1K¯ |1611〉 DJK¯∗
|1312〉 [D1]8[K¯∗]8 |1112〉 [D1]8[K¯]8 |1612〉 [DJ ]8[K¯∗]8
|1411〉 DJK¯ |1211〉 DJK¯∗ |2611〉 D∗K¯J
|1412〉 [DJ ]8[K¯]8 |1212〉 [DJ ]8[K¯∗]8 |2612〉 [D∗]8[K¯J ]8
|1511〉 DJK¯∗ |2111〉 DK¯1 |1622〉 [cs]16[q¯q¯]16¯
|1512〉 [DJ ]8[K¯∗]8 |2112〉 [D]8[K¯1]8 |2621〉 [cs]13[q¯q¯]13¯
|2311〉 DK¯J |2211〉 D∗K¯J |ijkl〉 1+
|2312〉 [D]8[K¯J ]8 |2212〉 [D∗]8[K¯J ]8 |0311〉 DK¯∗
|2411〉 D∗K¯1 |1123〉 [cs]03[q¯q¯]03¯ |0312〉 [D]8[K¯∗]8
|2412〉 [D∗]8[K¯1]8 |1124〉 [cs]16[q¯q¯]16¯ |0411〉 D∗K¯
|2511〉 D∗K¯J |2124〉 [cs]06[q¯q¯]06¯ |0412〉 [D∗]8[K¯]8
|2512〉 [D∗]8[K¯J ]8 |2223〉 [cs]13[q¯q¯]13¯ |0511〉 D∗K¯∗
|1324〉 [cs]06[q¯q¯]16¯ |ijkl〉 0+ |0512〉 [D∗]8[K¯∗]8
|1423〉 [cs]13[q¯q¯]03¯ |0111〉 DK¯ |0324〉 [cs]06[q¯q¯]16¯
|1524〉 [cs]16[q¯q¯]16¯ |0112〉 [D]8[K¯]8 |0423〉 [cs]13[q¯q¯]03¯
|2323〉 [cs]03[q¯q¯]13¯ |0211〉 D∗K¯∗ |0524〉 [cs]16[q¯q¯]16¯
|2424〉 [cs]16[q¯q¯]06¯ |0212〉 [D∗]8[K¯∗]8
|2523〉 [cs]13[q¯q¯]13¯ |0123〉 [cs]03[q¯q¯]03¯
|0223〉 [cs]16[q¯q¯]16¯
is larger than the threshold of csq¯q¯ system, the possi-
ble candidates must be resonance states. To check that
whether the candidates survive the coupling to the open
channels, DK¯, DK¯∗ and D∗K¯, The real-scaling method
(RSM) was employed to test stability of these candidates.
A. Possible candidates of X(2900)
In JP = 0+ csq¯q¯ system, there are four channels
in meson-meson structure and two channels in diquark-
antidiquark structure (see Table III). The lowest eigen-
energy of each channel is given in the second column of
Table IV. The eigen-energies of full channel coupling are
shown in the rows which are marked “c.c”, and the per-
centages in the table stand for percent of each channel in
the eigen-states with corresponding energies. The two
lowest eigen-energies and the eigen-energies near 2900
MeV are given. In the channel coupling calculation we
get four energy levels, E1(2836), E2(2896), E3(2906) and
E4(2936), which could be the candidates of X(2900).
However, the eigen-state with E2(2896) has almost 89%
5of D∗K¯∗, and the energy is higher than its threshold,
2894 MeV, and the single-channel calculation of D∗K¯∗
reveals the state is unbound, so it should be aD∗K¯∗ scat-
tering state rather than a new resonance. Thus,X0(2900)
may not be 0+D∗K¯∗ in our calculation. The other candi-
dates all have dominant meson-meson scattering states,
for example the state with E3(2906) has 58.8% D
∗K¯∗
scattering state and 24% DK¯ scattering state while di-
quark structure has 15%. One has to check the stability
of these states if assign these candidates to X0(2900).
Due to three combinations of spin in the JP = 1+
csq¯q¯ system, more channels are listed in the tableIV.
Consequently, five energy levels near X(2900), E5(2857),
E6(2896), E7(2904), E8(2920) and E9(2941) are founded
in the channel coupling calculation. Similar to the JP =
0+ case, all these states are dominated by the meson-
meson scattering states. On the other hand, the lowest
energy of diquark structure is [cs]13[q¯q¯]
0
3¯ with 2690 MeV
which is not suitable to be candidate of X(2900).
TABLE IV. All of allowed channels(we use |ijkl〉 donates dif-
ferent states. The ”i” means different angular momentum
combinations; The ”j” means different spin channels; The ”k”
means different flavor channels; The ”l” means different color
configurations)
.
0+ csq¯q¯
s.c. 1st 2nd ... 7th 8th 9st 10th
DK¯ 2357.0 90.1% 99.4% ... 61.9% 6.1% 24.0% 26.2%
[D]8[K¯]8 3098.2 0.3% 0.0% ... 1.5% 0.4% 0.9% 4.2%
D∗K¯∗ 2895.8 0.5% 0.0% ... 0.3% 88.8% 58.8% 28.9%
[D∗]8[K¯∗]8 2863.7 1.5% 0.1% ... 2.6% 0.1% 1.5% 0.4%
[cs]03[q¯q¯]
0
3¯
2656.5 6.9% 0.1% ... 7.3% 0.3% 10.1% 0.9%
[cs]16[q¯q¯]
1
6¯
2965.7 0.7% 0.4% ... 26.3% 4.4% 4.9% 29.8%
c.c. 2340.1 2358.9 ... 2836.3 2896.7 2906.9 2935.8
1+ csq¯q¯
s.c. 1st ... 10th 11th 12th 13th 14th
DK¯∗ 2777.6 0.3% ... 25.4% 0.5% 0.4% 0.2% 9.3%
[D]8[K¯∗]8 3111.8 0.4% ... 3.4% 1.1% 1.2% 1.7% 0.4%
D∗K¯ 2475.3 87.4% ... 34.2% 30.1% 55.2% 63.7% 54.8%
[D∗]8[K¯]8 3110.7 0.4% ... 1.6% 0.6% 1.8% 1.2% 0.9%
D∗K¯∗ 2895.9 0.3% ... 0.6% 52.5% 11.1% 3.7% 0.9%
[D∗]8[K¯∗]8 3005.0 1.1% ... 0.9% 1.5% 2.8% 3.4% 4.6%
[cs]06[q¯q¯]
1
6¯
3112.3 0.1% ... 0.4% 1.2% 7.3% 4.8% 19.7%
[cs]13[q¯q¯]
0
3¯
2690.6 9.8% ... 0.5% 1.2% 0.8% 4.5% 5.5%
[cs]16[q¯q¯]
1
6¯
3040.4 0.1% ... 16.1% 11.4% 19.4% 17.0% 3.9%
c.c. 2464.3 ... 2857.1 2896.3 2904.2 2920.3 2941.7
For the P -wave excited csq¯q¯ system, the states are de-
noted as 1P1,
3PJ (J = 0, 1, 2) and
5PJ (J = 1, 2, 3). Be-
cause the present calculation only includes center force
interaction, the states with the same spin are degenerate.
For the reason the P -wave csq¯q¯ thresholdDJK¯ is close to
X(2900), X(2900) may be a molecular DJ -K¯ state. The
structures coupling result are shown in Table V, and we
get two bounding states which can be the X(2900) in Ta-
ble V. The first state is E10(2908) in the
1P1 csq¯q¯, and it’s
mainly D1K¯ with 35 MeV binding energy. Because the
energy of D1K¯ is close to [cs]
0
3[q¯q¯]
0
3¯, the coupling effect
will plays important role in the form of E10(2908). On
TABLE V. Index of physical channels for cs¯sc¯ system.
3PJ
1P1
D1K¯∗ 3363.6 D1K¯ 2943.3
[D1]8[K¯∗]8 3551.3 [D1]8[K¯]8 3554.8
DJK¯ 2950.0 DJK¯∗ 3369.5
[DJ ]8[K¯]8 3556.2 [DJ ]8[K¯∗]8 3340.5
DJK¯∗ 3370.2 DK¯1 3264.4
[DJ ]8[K¯∗]8 3448.5 [D]8[K¯1]8 3544.5
DK¯J 3287.4 D
∗K¯J 3404.8
[D]8[K¯J ]8 3543.9 [D
∗]8[K¯J ]8 3334.2
D∗K¯1 3382.5 [cs]
0
3[q¯q¯]
0
3¯
3036.1
[D∗]8[K¯1]8 3539.9 [cs]
1
6[q¯q¯]
1
6¯ 3279.5
D∗K¯J 3405.4 [cs]
0
6[q¯q¯]
0
6¯ 3483.4
[D∗]8[K¯J ]8 3434.9 [cs]
1
3[q¯q¯]
1
3¯ 3621.6
[cs]06[q¯q¯]
1
6¯
3372.1 c.c. 2908.1
[cs]13[q¯q¯]
0
3¯ 3037.3
5PJ
[cs]16[q¯q¯]
1
6¯ 3327.4 DJK¯
∗ 3370.3
[cs]03[q¯q¯]
1
3¯ 3625.5 [DJ ]8[K¯
∗]8 3653.3
[cs]16[q¯q¯]
0
6¯
3477.1 D∗K¯J 3405.4
[cs]13[q¯q¯]
1
3¯ 3640.1 [D
∗]8[K¯J ]8 3649.8
c.c. 2941.0 [cs]16[q¯q¯]
1
6¯ 3416.2
[cs]13[q¯q¯]
1
3¯ 3675.6
c.c. 3221.6
the other hand, there is an other shallow bound state,
E11(2941), existing in the
3PJ csq¯q¯ with several MeVs
binding energies. It should be molecular DJK¯.
B. Candidates of X(2900)
In last subsection, we get 11 possible candidates
of X(2900) in two structures, di-meson and diquark-
antidiquark and their coupling. However, The LHCb
only found two resonances near the 2900 MeV, and the
number of candidates may be too rich forX(2900). There
are two reason why our model provides so many candi-
dates. Firstly, we take two different structures into our
calculation at the same time, which result in molecular
energies and diquark energies filling our coupling ener-
gies. Secondly, it’s impossible for theoretical work to ex-
pand their calculation space to bigger infinitely, and the
limited calculation space always offers false resonances.
As consequences, to see if these states are genuine reso-
nances or not, the real-scaling method [33] is employed.
In this method, the Gaussian size parameters rn for the
basis functions between two sub-clusters for the color-
singlet channels are scaled by multiplying a factor α,
6i.e. rn → αrn. Then, any continuum state will fall off
towards its threshold, while a compact resonant state
should not be affected by the variation of α.
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FIG. 2. Energy spectrum of 01+ states.
The results for positive parity are shown in Figs. 1 and
2 while negative parity are shown in Figs. 3 and 4. Be-
cause we only focus on states with energy from 2800 MeV
to 3000 MeV, other states are omitted in the figures. We
can see that only D∗K¯∗ state appears in the Figs. 1 and
2 which is marked with a red line. In the Figs. 1, the res-
onance E1(2836) rapidly falls to lowest threshold, DK¯
with the spaces getting bigger, and both E3(2906) and
E4(2936) would fall off towards D
∗K¯∗ threshold. How-
ever, there is a avoid-crossing structure around α = 1.4,
but the pattern is not repeated, large α region is needed
to make sure the appearance of the resonance struc-
ture. Similarly, the 01+ resonances, E7(2904), E8(2920)
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FIG. 3. Energy spectrum of 1P1 states.
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FIG. 4. Energy spectrum of 3PJ states.
and E9(2941), also have the same behave, and they are
also un-observable resonances. As for the resonance,
E5(2857) should be an other scattering state and would
decay to DK¯∗ and DK¯ threshold. These falling curves
may indicate that the assignment of positive parity may
not suitable for the X(2900).
Let’s turn to negative parity shown in Figs. 3 and 4.
Due to the P -wave excited threshold close to X(2900),
we only focus on states with binding energies, E10(2908)
and E11(2941). And the two bound states are very stable
against to decay to threshold DJK¯. They can decay to
DK¯ with P -wave between two mesons, it is expected that
this decay is not too large. In this way, we may assign
X1(2900) as 01
−(1P1) csq¯q¯. For the reason without orbit-
spin interaction we can not determine J quantum of 3PJ
csq¯q¯. Because of X0(2900) is strongly couple to DK¯, it
7is not suitable to assign X0(2900) as
3PJ csq¯q¯.
IV. SUMMARY
In the framework of the chiral constituent quark model,
we study systematically csq¯q¯ states to find the candi-
dates of X(2900). Not only molecular structure but also
diquark-antidiquark, with all possible color, flavor, spin
configurations are taken into account. By means of struc-
tures coupling, we get many states with energies around
2900 MeV in the positive parity csq¯q¯ system. Real-
scaling method, a powerful method for identifying the
genuine resonance, is used to test the stabilities of these
states, and the results show that no resonances could be
observable below the threshold of D∗K¯∗, On the other
hand, the pictures of P -wave excited csq¯q¯ system show
two stable bound states, D1K¯ and DJK¯, which could be
the candidate of X(2900). In the absence of spin-orbit
interaction, we only give the result of 1P1 and
3PJ . we as-
sign the 1P1 csq¯q¯ as X1(2900) with IJ
P = 01−. Because
of X0(2900) is strongly couple to DK¯, it is not suitable
to assign X0(2900) as
3PJ csq¯q¯. When the spin-orbit and
tensor interactions are included, the 1P1 and
3PJ will be
mixed up and the eigen values would vary slightly and
would not change our results.
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